Charcoal is a biologically inert material used for the preoperative localization of nonpalpable breast lesions; its foreign body reactions have occasionally been reported. Although a few case reports on the formation of charcoal granulomas in the breast because of such reactions exist, to the best of our knowledge, no report includes breast-imaging findings obtained using multiple modalities. Here we report a case of two charcoal granulomas that mimicked breast cancer recurrence and provide breast-imaging findings obtained using mammography, ultrasonography, magnetic resonance imaging, and positron emission tomography/computed tomography. We also discuss the radiological and pathological features of charcoal granulomas. Awareness of breast imaging findings using multiple modalities along with the clinical and pathological features of charcoal granulomas helps in the differential diagnoses of newly detected lesions on postoperative follow-ups and reduces the need of unnecessary invasive procedures.
Introduction
Foreign-body granulomas in the breast are uncommon. However, they may result from various causes, including residual suture materials, silicone injections, gunshot wounds, and charcoal-suspension injections for preoperative localization of nonpalpable lesions (1) (2) (3) (4) (5) . Generally, charcoal is a stable material that does not trigger foreign-body reactions; however, it may cause granulomatous reactions if it remains in situ for > 6 months (6) . Although some cases of foreign-body reactions to charcoalsuspension injections have been reported, to the best of our knowledge, their findings on various breast-imaging studies (e.g., mammography, ultrasonography (US), magnetic resonance imaging (MRI), positron emission tomography/ computed tomography (PET/CT) ) have not yet been reported. We report here a case of charcoal granulomas mimicking breast cancer recurrence in postoperative follow-up imaging studies in a breast cancer patient and discuss the radiological and pathological features of foreign-body granulomas caused by charcoal-suspension injections.
Case Presentation
A 49-year-old woman was referred to our institution with lesions in her left breast. She had undergone vacuumassisted biopsy (VAB) at two sites in her left breast 1 week earlier at an outside clinic. One lesion was confirmed as ductal carcinoma in situ with suspicious invasion. The patient had no family history of breast cancer and no history of other risk factors. Mammography and US were performed at our institution. The mammography revealed two oval, circumscribed, isodense masses surrounded by several microcalcifications in the upper outer quadrant of the left breast. Two corresponding cystic lesions were observed on US, suggestive of post-VAB changes with uncertainty for remnant cancer. Preoperative breast MRI revealed peripheral heterogeneous enhancement around both biopsied sites. Although these were considered parenchymal changes after VAB, the possibility of residual cancer around the 2 VAB sites could not be excluded. Finally, the patient underwent breast-conserving surgery (BCS) after US-guided skin marking in the left breast.
On multiple cut sections obtained from BCS, the two previous VAB defects were noted to be filled with hemorrhagic material. The surrounding parenchyma contained fibrotic focal granular areas, but no definite mass was detected. Although no residual tumor cells were detected microscopically, two atypical ductal hyperplasia foci were located near the surgical margin (within 0.1 mm). On postoperative follow-up mammography and US at 6 months, a 0.9-cm mass was noted near the BCS site. This mass appeared as a circumscribed, iso-density lesion on mammography, whereas it appeared as a hyperechoic mass with marked posterior shadowing on US. It was considered to be a postoperative change and was categorized as breast imagingreporting and data system (BI-RADS) category 3 (probably benign finding).
One year after BCS, the patient underwent 18F-fluorodeoxyglucose (FDG)-PET/CT because she was anxious about cancer. FDG-PET/CT revealed two focal areas of FDG uptake with maximum standardized uptake values of 2.9 in the upper outer quadrant of the left breast, adjacent to the operative site ( Figure 1 ). The FDG-PET/CT report noted the possibility of cancer recurrence. Mammography and US were subsequently performed. Mammography demonstrated the previously detected mass and another newly developed mass near the previous operative site ( Figure 2 ). On US, the previously detected mass had increased in size from 0.9 cm to 1.5 cm, and the new mass measured 0.7 cm in its largest diameter. Both masses showed similar features on mammography and US. These hyperechoic masses had indistinct margins, markedly hypoechoic posterior shadowing, and increased vascularity at the junction of the breast parenchyma and subcutaneous fat layers (Figure 3 ). Although the US findings of hyperechoic masses favored postoperative changes, such as fat necrosis, the evidence of combined vascularity, increased size and iso-density on mammography implied that we could not exclude local recurrence despite the fact that radiological appearances of fat necrosis are variable. Furthermore, atypical ductal hyperplasia had been reported near (< 0.1 mm) the resection margin of the breast-conserving surgery (BCS) specimen according to the pathological report. Breast MRI was requested to investigate the two possible local recurrences reported on PET/CT before biopsy. MRI revealed two circumscribed masses with iso-signal intensity on pre-contrast T1-weighted and T2-weighted images, and an initial rapid enhancement and plateau pattern on dynamic contrast-enhanced sequences ( Figure 4) .
Next, the two new masses were subjected to US-guided VAB with an 11-gauge needle (Mammotome ® ; Devicor Medical Products, Inc., Cincinnati, OH, USA). Pathologically, the biopsy revealed giant cells, granular black pigment, and histiocytes ( Figure 5 ) without evidence of malignancy. The pathological diagnosis was consistent with foreign-body granulomas caused by charcoal pigment. We discussed the pathological results with the patient's surgeon and learned that during BCS, the surgeon had intraoperatively administered US-guided charcoalsuspension injections at the two sites where previous VABs had been performed at the outside clinic. Usually, charcoal localization is performed by breast radiologists at our institution, but this has been the only case intraoperatively performed by a breast surgeon without radiologists. If the radiologists had known about the use of charcoal for intraoperative localization, interpretation might have favored a benign diagnosis. Nevertheless, the complicated management of the patient allowed us to obtain multimodal imaging findings that provide valuable information when assessing charcoal granulomas that mimic breast cancer recurrence.
Discussion
Breast-screening US has increased the detection rate of nonpalpable breast cancer, and BCS has become the treatment of choice for early breast cancer (7, 8) . Adequate preoperative localization is very important for the successful and minimal excision of a nonpalpable breast lesion. Several procedures such as wire-guided localization, radioisotope localization, dye injection (toluidine blue or methylene blue), and charcoal marking have been used to localize nonpalpable breast lesions (7) (8) (9) (10) . Compared to other procedures, charcoal marking avoids the risk of displacement and can thus be used with delayed surgeries (7) .
Charcoal is a biologically inert, ubiquitous, exogenous pigment, and charcoal particles ingested by macrophages cause little or no inflammation (1). Generally, charcoal remains stable and does not trigger a foreign-body reaction; however, if it remains in situ for > 6 months, it may cause a granulomatous reaction (6) . In both in vivo and in vitro studies, charcoal is removed from the injection site at a very slow rate and therefore may cause inflammatory processes and fibroplastic responses (11) . These low-grade foreign-body reactions can mimic malignancy.
A few cases of charcoal granuloma in the breast have been reported to date. Patrikeos et al. (1) reported three cases of carbon granulomas that developed after carbontrack localization. Ruiz-Delgado et al. (2) described 130 breast lesions subjected to VAB with carbon marking of the biopsy site; of these cases, four showed foreign-body giantcell reactions. However, to our knowledge, none of the previous reports described the multimodal imaging findings of foreign-body granulomas that arose after charcoal injection.
In our case, circumscribed margins and iso-density masses were observed via mammography. According to previous studies, charcoal granulomas are iso to highdensity lesions that have well-circumscribed or speculated margins (1, 2). US revealed indistinct margins and hyperechoic masses with marked posterior shadowing, which are unusual findings even for malignancies. A previous study of charcoal granulomas showed hypo-echogenicity, indistinct margins, and posterior shadowing on US (2). In contrast, Choi et al. (6) reported that a charcoal granuloma had shifted from hyperechoic to hypoechoic over time. The mammography and US features of our case are in accordance with those of previous reports and thus might be helpful for differentiating a recurrent tumor.
On MRI, iso-signal intensity in the lesions on precontrast T1-and T2-weighted images and rapid initial enhancement are relatively typical findings of cancer. However, the lesions in this case showed a plateau pattern on the kinetic curve and a centrifugal enhancement pattern in the delayed phase. These are not typical imaging findings of malignancy, because breast cancer tends to enhance from the periphery to the center (12) . The imaging findings in our case might be explained by the development of fibrosis surrounded by blood vessels. FDG-PET/CT can help to detect a local recurrence or distant metastasis of breast cancer. Nevertheless, several benign lesions, such as acute and chronic inflammatory lesions and benign focal breast masses (e.g., silicone granuloma, fat necrosis, and postsurgical changes) may show increased FDG uptake on PET/CT (13) . Charcoal granulomas can also show hypermetabolism (6) . In this case, activated multinucleated giant cells utilized glucose for granuloma formation.
Several reasons justified further investigation in this case. First, atypical ductal hyperplasia was microscopically noted close to the surgical margin. Second, the radiologist was unaware of the history of intraoperative charcoal injection. Third, the imaging findings were inconsistent with typical postoperative changes and the lesion had also gradually increased in size. Together, those findings suggested the possibility of a recurrent lesion. However, knowledge of the patient's history and potential foreignbody reaction would have led to the inclusion of charcoal granuloma in the differential diagnosis.
In conclusion, charcoal granulomas appeared as circumscribed, equal-density masses on mammography; hyperechogenic areas with posterior acoustic shadowing and increased vascularity on US; lesions with centrifugal enhancement on MRI; and hypermetabolic lesions on FDG-PET/CT. Consideration of these findings and inclusion of charcoal granulomas in the differential diagnosis could decrease the use of unnecessary invasive procedures in similar cases in the future.
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